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Abstract. The necessity of fish intensive breeding, pike perch in particular, has led us to 
inventive methods of accelerating the natural process of fish growth. This can be achieved through 
studies concerning different behavior processes, in this case the reproductive process of Sander 
lucioperca L.  
These findings shall help further activities concerning intensive cultures in recirculating 
systems by controlling the mating phenomenon and reducing the risks of loss. This, in turn, will 
provide a larger number of larvae and eventually a more efficient fish culture production. 
 




In order to increase the success rate of the artificial reproduction of Sander 
Lucioperca L and to determine the optimum time of spawn extraction, we also have to be 
aware of its behavior during reproduction that is the ethology of reproduction. 
 Reproduction is generally characterized by the fact that spawning is carried out 
according to a well-defined choreography. The process lasts for a long period - several days – 
during which the spawning and mating dance shall occur. The fecundation process can occur 
only at the very end. The process is split into several stages. These processes occur similarly 
over different periods of time for the hormonally treated Sander lucioperca subjects. 
 Depending on the fish reproductive behavior we can observe the spawning stages 
and the period of time during which the ovulation takes place. Based on the reproduction 
behavioral studies, the individual elements of ovulation may be observed and they play an 
important role in determining the spawning time.  
The hormone-treated fish spawn on the artificial nests placed in the basin; the 
hormone may trigger a reproduction dance, which can be divided into several distinct 
sections. The determined individual behavioral elements are the indicators of the spawning 
stage. Generally, there is little information in literature regarding pikeperch breeding in RAS, 
therefore studies regarding the effect of specific technological factors on growth performances 
are needed. Also the information relating the intensive rearing methods for pikeperch larvae 
and fry in RAS is limited, and little  related to the impact of stoking density on the rearing of 
the larvae of this species (Zakes, 1997; Molnar et al., 2004; Sykudlarek and Zakes, 2007).  
General characteristics of pike perch in natural habitat. This species generally 
attains lengths of 45-70 cm and body weights (BW) of 2-5 kg but a maximum length of 130 
cm and weights of 12-20 kg have been reported. Males reach sexual maturity at 2-3 years, 
females at 3-4 years (according to Bud et al., 2010 and Zakes, 2013). 
In Romania, spawning takes place at the end of March, at 10-12°C water temperature 
reaching a maximum in April (15-16°C) and ending mid-May (Bud et al., 2010). Generally, 
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water depth at natural spawning grounds ranges from 0.5 to 3.0 m.  
According to Zakes (2013) and Muller (2004), pike-perch deposit eggs into the nest 
that they have built on sand, gravel (preferred substrate), or aquatic vegetation. Males actively 
guard the nest with eggs for 5-8 days until the larvae hatch. The relative fecundity is 170-230 
eggs/g BW. 
Zakes (2013) states that the eggs are small; the diameter of unhardened and hardened 
eggs ranges from 0.6 to 1.0 mm and 0.9 to 1.6 mm respectively (or, according to Bud et al., 
2010, eggs can reach 1,2-1,5mm).  
Zakes (2013), Grozea et al., (2010) and also Bud et al., (2010) claim that the 
incubation time is from 3 days (20°C) to 11 days (10°C) (80-120°D).  
 
MATERIALS AND METHODS 
 
The experiments concerning the raise of pike perch fingerlings in enclosed spaces in 
RAS (recirculating aqua systems) were conducted in the Research and Aquaculture 
Laboratory at the Banat’s University of Agricultural Sciences and Veterinary Medicine in 
Timişoara. The laboratory contains all the necessary components required by RAS systems. 
(Bio filters, mechanical filters, facilities, culture tanks, measuring equipment, etc.) 
We harvested the biological material from the ponds of The Young Naturalists from 
Timisoara Station, a place that is affiliated to Banat’s University of Agricultural Sciences and 
Veterinary Medicine in Timisoara, and we selected the pike perch reproduction individuals 
(Sander Lucioperca) therefore. 
The population of pike perch breeders contained in the pools is brought there from a 
fishery in Hungary (B.H.M Hungary Ltd., Fonyód) and also from a fishery from Romania, at 
Corneşti, Timiş. After the capture, the breeders were kept in several 1 m3 fiberglass circular 
tanks, at a medium temperature between 10.5±2°C.  Over this period of time, individuals were 
fed at discretion on live food (bleak, bream, roach, etc.). From the fiberglass tanks the 
breeders were moved to 600 l glass pools, inside the Aquaculture Laboratory, where they 
were kept at constant temperature (17°C). All transported fish were individually marked with 
microchips inserted in their dorsal or with marking dye. In order to minimize the handling 
stress during the individualization marking, the breeders were anesthetized with MS222 
solution (Tricaine Methane Sulphonate, Sigma). 
Tab. 1 
Values of water parameters during April 19-27, 2012.  
The values where measured with Hanna and luxmeter apparatus 
 
Parameters Values 
Dissolved oxygen DO Mg/l = 6.50±0.2 
pH pH = 9.43±0.5 
Electrochemical ph measurement pHmV = 75.5±0.2 
Temperature 17.45±0.2°C 
Pressure Mbar = 998.87±0.05 
Electrical conductivity MΩ cm = 0.003±0.0002 
Salinity Sal = 0.14±0.001 
Dissolved oxygen % DO = 75.15±0.2 % 
Light intensity(LX) 130.1±0.2  LX 
 
During December-April, while in the 1 m3 fiberglass circular tanks, the pikeperch 
were photo-thermally manipulated, after which they were injected with a carp pituitary 
hormone (5 hypophysis/kg). After injection they were moved into 0.6 m3 tanks fitted with a 
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synthetic material nest. The spawning was conducted in 4 tanks between April 19th and April 
22, 2012. During this entire period, the pikeperch reproduction behavior was videotaped and 
the water parameters and laboratory lighting were controlled with the HI 9829 Hanna. multi-
parameter and the digital luxmeter la roline ro13332. The reproduction of pikeperch was 
naturally-guided on an artificial nest under laboratory conditions. We used 12 pikeperch (4 
pairs), with 710.75 g female average weight before spawning and 1021.75 g male average 
weight before spawning.  
These studies are based on our previous pikeperch naturally-conducted reproduction 
experiments and on the video records carried out during April 19–23, 2012, recorded with 4 
PAL CC96201813 video cameras and displayed by AverDigi NV3000/5000 software 
application). 
 
RESULTS AND DISCUSSIONS 
 
Results and observations in reproduction behavior: 
Selection and guarding of the nest. The spawning of stocks of Sander lucioperca 
L. is conducted in April-mid-June at 6-18°C (±1) water temperature, when the fish are 
looking for a proper hatchable environment for spawning, maturing and laying the eggs under 
natural conditions. Their nesting place may be made of synthetic grass or plant materials in an 
artificial environment. Males have an increasingly active role in these nests –purifying and 
constantly guarding them. The fish are not fed over the spawning period. The Sander 
lucioperca L. spawn in pairs. They are placed in a hatchery spawning tank where they occupy 
their nest. Meanwhile, males begin changing to darker colors. After claiming the nest (8 
shaped movements around the future nest), males vigorously acquire dark coloration, which is 
likely to become more intense due to the hormones produced by sex. 
 
 
Fig. 1. The claiming of the territory. The Male (M) is making 8 shaped movements  
around the future nest. The Female (F) tries to approach the nest but the Male banishes it  
from the newly acquired territory. 
 
For Sander lucioperca L. size is somehow important when choosing a mate, 
however, it has been observed that in some cases, a smaller male is more aggressive and 
active compared with bigger males. Sander lucioperca L. male does not cause any serious 
injury to another individual getting into the space claimed by it.  
The grooming of the spawning nest (Fig. 2). The attraction of mature females is 
made by a vertical, complimented shake of a male’s head and a turn above the nest. After 
selecting the spawning nest the male cleans the nest, where later on the female shall place the 
eggs.  The male guards and cleans the nest even after the female lays its eggs. The cleansing 
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of the nest has the purpose of insuring the proper conditions for placing and hatching the 
eggs. There must be no mud or other colloids on the nest that may leave the eggs without 
oxygen and block the hatching. The male keeps the nest clean by continuously moving its tale 
and circling around its edges. The male often banishes the female from the nesting place. 
Despite this behavior, the female that has reached the spawning period visits the nest of the 
male with increased frequency (Fig. 2).  
 
 
Fig. 2. The grooming of the nest. After claiming the nest, M begins to clean, care and protect  
the future nesting place. The Female (F) waits nearby and tries to get near while the male (M) 
 is  guarding the nest. After repeated refusals, M finally allows F to circle around the nest  
for short periods of time. 
 
Couple reunion. After the long pairing period, the new pair prepares for the future 
steps before spawning. The male with a territory is not passive in forming the pair; it shakes 
its head in a certain way in order to attract the female, and accepts the female on the nest for 




Fig. 3a. Couple reunion. The male (M) is 
accepting the female (F) for short periods of 
time, which increase along with the hormonal 
activity. 
Fig. 3b. Couple reunion. From time to time, 
after being chased from the nest, the female (F) 
swims in the water making 8 shapes, with the 
head held upwards, while the male (M) observes 
it from the nest and shakes its head. 
 
 
Meanwhile, the female sometimes goes away from the nest, circling around it and 
remaining by the nest (Fig. 3b). When the couples get permanent and stable, a hidden process 
may begin in the reproduction cycle. This is the hormonal secretion stage and the analogy 
with other species is as follows: observing the state of arousal of the male and feeling the 
presence of the male and of the nest entails the production of GnRH in the female body, 
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which through the portal system, stimulates the gonadotropin deposits in the pituitary. The 
GTH released by the pituitary gland stimulates the splitting of the follicles and eventually 
ovulation. We observed a visible hard swelling of the female abdominal body area until the 
end of spawning period. The non-synchronization of the spawning in Sander lucioperca L. 
may even last for days, this being caused by the different hormonal assimilation and secretion, 
from individual to individual.  
Reproduction dance. After the stabilization of the pair, visible changes take place. 
The male individuals become visibly more aroused. This is being indicated by the change in 
their color: it becomes more intense and with an iridescent stripe, by the repetitive and 
imposing of the dorsal fins, the swelling of the opercula and the ever more often opening of 




Fig. 4a.The beginning of the reproduction 
"Dance". Sometimes, the Female leaves the nest 
and makes sudden zigzag moves in the water. 
All this time F maintains its head upwards and 
its tail downwards. After this dance she returns 
to the nest to circle around it together with  
the male. 
Fig. 4b. The reproduction "Dance". The male 
circles around the nest its the head down (45 
degrees) while the female becomes more and  
more  agitated. More often she will keep  
her head up and  tale down all the time during  
the mating dance. 
 
In this phase they are ready for immediate reproduction. In females the preparation 
for reproduction is influenced by the secretion of hormones. For the females for which the 
release of GnRH starts immediately after the final stabilization of the pair, the spawning will 
occur shortly (Fig. 4a). 
Slow circling over the nest. These movements may be very well observed during 
the slow changes in hormonal levels. At this moment the two individuals are face to face and 
start circling slowly above the nest. The rotations may take several days, with hour-long 
breaks between episodes. During the breaks, the two individuals remain face to face or side 
by side. The female’s head is headed towards the male’s tale. Less commonly, the two 
individuals have their heads in the same direction.  The rotation movements over the nest are 
made in the half-vertical (45 degrees) position, noticing the rhythmic movements of their 
heads (Fig. 4b). This slow rotation lasts for hours, even days. The female’s genitals get 
swollen and she gets into the reproductive mounting position. At this stage, the big belly is 
softer to the touch in comparison with the previous stages, this lasting until the spawning 
moment. 
 The period before the spawning 
The movements are vertical and made exclusively by males, although females can 
also make the same movements. The male adopts an almost vertical position circling around 
the female and the nest. He shakes its head with quick and sudden movements, in order to 
arouse the female, preparing the egg-laying moment. During the mating period, the male 
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swims in front of the female without leaving the boundaries of its occupied nesting territory. 
All this time, the female is circling near the nest together with the male (Fig. 5). The recurrent 
element during the reproductive process is the slow circling above the nest. No further details 
of our observations could we notice regarding the speed and direction of rotation. Following 
our aquarium observations, we could notice that the females with swollen lighter pink 
genitalia spawn sooner than the females with darker pink genitalia, whose spawning occurs 
only after a few hours. An element indicating the spawning moment is that the female 
changes her position during the slow rotation movements.   
 
 
Fig. 5. The period before the spawning .The male (M) has a distinctive downwards position 
and it is shaking its head in order to arouse the female (F). 
 
Another indicator of the spawning is that the female is changing her position during 
the slow rotation. The swollen genitalia get closer to the surface of the nest, triggering the 
male’s similar change in posture. This behavioral analysis indicates that the female detects the 
on-going advanced ovarian egg maturation process and prepares herself for the anticipated 
moment of release, close to leaving the ovary content into the nest, after the formation 





Fig. 6a. The spawning position of the female (F). 
At first, both partners are circling around the nest. 
At one point, the female F bends its tale and 
begins laying the eggs. The male is almost 
motionless. 
Fig. 6b. The moment between spawning of the 
female (F) and male (M). The female leaves the 
nest suddenly and the male takes the spawning 
position and releases the milt. 
 
Depending on each individual, the ovulation may occur at any time of the day, at the 
most unexpected times. Except for the visually observable behavior items discussed above, 
there is no predictable indication of the specific time. We have determined that an average of 
80.5 hours elapsed from hormone injection to eggs lying but there are differences between 
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females without knowing the reason thereof. We suppose it would be the hormone release 
stage. From our experiments, a female’s average spawning time is 2±1 seconds with 
individual variations. The average time between a male’s and a female’s spawning is 7±1 
seconds and the male’s average spawning time is 19±6 seconds, with one, two or three milting 
sessions.  
The female position during spawning. We know that the skull and the bony spinal 
column articulate in a way that enables only little movement, and few-degree shifts. The 
following stage is the positioning of the female in order to lay its eggs. After being aroused by 
the rapid vertical movements of the male, the female is taking a slightly horizontal position, 
its tail little bent above the nest, followed by the spawning. The duration of this action is very 
short as mentioned above. 
  The fertilization stage 
 
Fig. 6c. The spawning of the male (M). The female is far from the nest. 
 
The eggs freshly laid by female are immediately taken over the male who milts upon 
them, fertilizing them for a few seconds, thus showing a new behavior element. It consists of 
the serpentine-like body squeezing exercise, flushing out inactive sperm into the water (the 
sperm activates immediately in contact with water, fertilizing the eggs). The lateral winding 
movements of the male indicate the milt release moment (Fig. 6c). The male may milt 
between one and three times for an average of 6 seconds/milting. We noticed an average 
weight decrease of 54.75g for females and 52.5g for males after spawning. 
Guarding the egg nest 
 
Fig. 7. The male (M) is guarding, ventilating and protecting the nest aggressively. 
The female (F) has been banished. 
 
After spawning, the male continuously guards the area covered with eggs, cleans and 
preserves the eggs by pushing oxygenated water with the floating belly and ventral fins. This 
process may also be observed in other perch fish (Fig. 7).  
Therefore, the key question is: what is the exact time of the induced ovulation?  
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Can we define, determine and predict exactly the spawning behavior of this species 
(according to the current scientific knowledge)? As far as the speed of rotation and the 
direction of rotation during the mating ritual are concerned, the elements related to the 
occurrence of this additional behavior could not be described in fine details by our 
observations. My observation on spawning ethology of Sander lucioperca has proven 
similarities to Horváth previous studies (2009) on Sander volgensis pond culture (Editor 




Previous observations shown that the individual’s body size is an important coupling 
criterion; so far all the pairs we observed have paired with an individual of about the same 
size. As reproduction ethology has been widely presented, we can conclude that the 
observations made could help us set the necessary technology for the artificial reproduction of 
Sander lucioperca L. Unless we can catch the females in the right time for eggs extraction, 
they will lay the eggs in the artificially built nests which are no longer useful for in vitro 
artificial reproduction. This study is supposed to determine the right spawning moment of the 
breeding pair, which is useful for the manual extraction of the eggs and their artificial 
fertilization. The observations in this study may also be useful for the artificial reproduction 
of Sander lucioperca. In case the ovulation occurs between two checking-outs, the behavior is 
the one that indicates the approaching of the ovulating moment. At this stage, there has to be 
conducted a thorough inspection of the nest surface, in order to observe the first freshly laid 
eggs. If the ovulation moment is not noticed, the female will lay its eggs on the artificial nest, 
and consequently these eggs may no longer be used in artificial reproduction.  
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